Potassium and sodium concentrations and their ratios, and Mean Corpuscular Haemoglobin Concentrations were estimated in the blood of 469 sheep of three breeds and their crosses. Some breed differences were statistically significant but cross breed values were like the means of the parental breeds.
INTRODUCTION
BALANCED polymorphism of haemoglobin type (locus symbol Hb) and of red cell potassium concentration (Ia) is widely exhibited in sheep. Apart from a statistical association reported in some but not all populations, the presence of a causal relationship between the phenotypes has been suggested (see Agar et al., 1972 for references) . This is uncertain because other factors modify their expression to an obscuring and largely unknown degree.
It is important to isolate the primary effect of these genotypes and to understand the nature of any interaction. Both potassium ion and haemoglobin molecule are integral parts of red cell structure and function. Any change in either must have primary physical effects on the cell. The chain of subsequent events maintaining physiological homeostasis has not been described. It may be short and insignificant, or it may involve other mechanisms. It may even result in a modification of the individual's response to environmental pressures on a biological scale, or to production pressures on an agricultural scale. Claims for associations of blood types with commercially useful qualities abound, but in none is the connection known to be a chain of molecular events.
In this paper the effects of factors believed to influence the expression of the genes at these loci are investigated by analysis of laboratory data from an experimental flock. Each has its interest but estimates of the primary quantitative effects of the Ia and Hb genotypes are isolated; the relations with sodium are determined; interactions and secondary effects are explored; and data are given against which possible consequences for the red cell can be tested.
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MATERIALS AND METHODS
The sheep used belonged to an experimental flock (the CIB) in which three breeds, Scottish Blackf'ace Mountain, South Country Cheviot and Welsh Mountain were being compared with each other and with crosses made among them. At the stage of the experiment from which these findings are reported the flock was composed of pure bred animals and crossbred " animals (table 1). The " crossbreds" theoretically had half of their genetic component from one breed and half from the other. They were generated in several ways not distinguished here (Wiener, 1967 "Crossbred" animals were generated in various ways; see text.
The numbers of sheep in the six breed classes are given in (Eagleton et al., 1970) . Only about a quarter of the Hardy-Weinberg expectation of heterozygotes was detected, so that this distinction is presumed to be not fully disclosed.
(a) Farm environment and management
The upland farm Blythbank in Peeblesshire was of fields of sown pastures at 300 30 metres above sea level. The sheep lived out of doors all the year round. They were separated by sex but not by breed, age, type of offspring nor rearing (e.g. twin or single). Females of age class 1 were not mated.
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No females were blood sampled after lambing, and only seven lambed within a week of sampling. The ewes got no hay but had bruised oats and concentrate (" ewe nuts ") from 7th February to 11th May. Minerals were given ad libitum from 31st December to 2 weeks before lambing. Magnesium and vitamin supplements were given to mid-June. The males' diet was supplemented by silage from mid-December to 6th February, then by rape and turnip residue to 6th March; salt licks were not provided. There was no veterinary or other evidence that these different managements had differing results.
(b) Technique
The sheep were regularly handled for weighing throughout the year. They were bled at the same time each Monday by the same people in 21 batches from December 1961 to June 1962. The composition of each batch was not random but followed management convenience. This uniformity may have reduced the emotional stress on the animals. An open needle was slipped into the jugular vein, th first few ml. was ignored, then 5 to 6 ml. were taken to a borosilicate glass tube containing 750 International Units of heparin*. Within 7 hours of bleeding, the packed cell volume was estimated by microhaematocritt at 17,000 g for 10 minutes to minimise the trapped plasma content; and two dilutions of 025 ml. in 50 ml. were made, the first of whole blood and the second of plasma separated by centrifugation at 1000 g for 20 minutes. The correlation of adjusted estimates of cell and plasma potassium was subsequently calculated as r = -0005 showing that cell integrity was maintained through these procedures.
(c) Estimations of potassium and sodium Two stock aqueous solutions of KCl and NaCl of 0477 and 0.634 g./l. respectively were made and kept in polythene bottles. They sufficed for this work and that of Eagleton et al. (1970) . From these daily working standards of 5 and 10 mg./l. K and Na were made. The flame photometer was standardised at zero for distilled water and the midscale point for the standard solution before and after every 8th or 12th sample. At the end of the estimations calibration curves were prepared by making 10 dilutions at equal intervals of each standard stock solution to cover the range 0 to 50 mEq./l. of potassium and 0 to 200 mEq./l. of sodium. The diluted standards were estimated in two ways, alone and mixed. The mixtures were in two sequences, one with low K mixed with low Na, through to high K mixed with high Na; and the other with low K mixed with high Na through to high K mixed with low Na. All these solutions were put through the flame photometer and the meter readings plotted against concentrations.
There were very small differences between the expected and observed readings for K. The differences for Na were noticeable, the observed readings being higher than expected at the quarter scale point and lower at full scale. The presence or absence of either ion could not be seen to affect the estimate of the one under assay. Duthie and McDonald (1960) gave the magnitude of the interference effect of potassium on sodium as I per cent. for sheep whole blood and per cent, for sheep plasma; and of sodium on potassium as l per cent, and 2 per cent, respectively. These corrections were not used here. The scale readings were calibrated numerically using a local quadratic function. The calculations were done by a computer program subroutine.
(d) Haemoglobin typing
The red cell deposit from the tube centrifuged for plasma was washed twice with 10 volumes of 0'9 per cent. NaCI then lysed with 3 to 4 times its volume of distilled water. The solution was made up to an appropriate density as judged by eye and experience. Electrophoresis was carried out in boric acid-borate buffer pH 8'6, EMF of 6 volts per centimetre for about 6 hours on Whatman's No. 54 paper held horizontal in a Krogh* tank. The paper was then stained in 2 per cent, light green in 3 per cent. trichloracetic acid in water, washed to a white background in 4 per cent. glacial acetic acid in water, dried and stored, The data were analysed using a computer program especially designed to provide a least squares analysis of nonorthogonal data. This program is similar in aim to that described by Lewis (1968) and an analysis of variance. The analysis separates the sum of squares into two parts viz, a part due to regression and a part due to error. Unfortunately, it is not practicable to present the complete computer output here. The non-orthogonal structure of the data strictly requires a different standard error for each contrast of the table values, and probability statements in the discussion depend on these. However, we suggest that root mean square standard errors (based on the standard errors of the normalised contrasts between two expected values) are adequate for purposes of exposition. These average standard errors are termed "AV" S.E. and are presented with the tables of results. Also presented (where appropriate) are the largest and smallest standard errors appropriate to any contrast. These are denoted "MAX" S.E. and "MIN" S.E. respectively.
RESULTS
Main effects were fitted for the effect of Ka, Hb, breed, age, sex and management and batch of samples. Two factor interactions were also tested but none was found to be significant at the 5 per cent, probability level. The numerical results are presented in the form of tables of fitted values (tables 4-9) for each classification, " averaged" over all other classifications.
There are six independently presented variates, namely estimates of potassium and sodium for red cells and plasma (variates 1, 2, 3, 4), the packed cell volume (PCV) (variate 12), and the haemoglobin concentration in grams per 100 ml. whole blood (variate 13). The mean corpuscular haemoglobin concentration (MCHC) is derived from the last two.
The other seven variates represent different relationships of the concentration of the two cations. The variances of the independent variates differed, and the ratios derived from them are presented in the form with the lower variance rather than its inverse. All derived variates tabulated were calculated on an individual basis (i.e. variates 5, 6, 7, 8, 9, 10, 11, 14) .
The relationship of intracellular and extracellular potassium and sodium are given separately as the sum (9 and 10 respectively) and the ratio (5 and 6 respectively). The ratios of concentration between inside and outside the cell are given separately for potassium (the afferent process, variate 7); and sodium (the efferent process, variate 8).
Scatter diagrams were made and individuals were seen to be distinctly high or low potassium (abbreviated to HK and LK respectively) but the sodium values overlapped. Secondly, within each of these populations there was no obvious correlation between the concentrations of potassium and sodium in the red cells. The coefficients were r = -0'09 and r = -028 in the low and high respectively. 31/3-X 2
Discussio.i
The tabulated results show that nearly all the classifying factors had some influence on the red blood cells and their electrolytes and on the electrolytes of the plasma. The two main results are that the packed cell volume was altered by breeding, age, batch and Hb type but not by Ka type: and in general the sodium and potassium estimates were affected by breeding, batch and age, and of course, the Ka types, but also by the Hb types. Sex and management had no significant effects, but this statement is qualified.
(a) The effect of the potassium genotypes (Ka) (table 4) First, the conclusion can be drawn that the PCV, haemoglobin concentration and MCHC were quite unaffected by the Ka genotype. Second, the mean (adjusted) values for red cell sodium and red cell potassium were complementary. This is worth noting. Evans (1954) showed that sheep with high blood potassium levels had low blood sodium, and those with low blood potassium had high blood sodium. The two classes of sodium however, overlapped. Other writers (Kidwell et al., 1959) have emphasised that the simple expectation was not realised that the concentrations of these two ions would compensate each other both between and within the LK and HK classes.
In the present analysis, the individual estimates were adjusted for the effect of factors other than the Ka genotypes and the expected intimate relationship is exposed in the table. This finding is now in line with proposals of membrane chemists (Tosteson and Hoffman, 1960) in which the primary effect of this genotype is to set the steady-state concentrations of both ions rather than one only. Nonetheless, this relationship was not quite perfect. It can be seen that the cationic ratio across the cell membrane, that is, variate 11, had a trend across the genotypes and was significantly higher for high K (HK) than for low K (LK) sheep. This appears to be due to the contribution of the intracellular cations. This effect would be false if the magnitude of the interference of potassium on sodium were greater than expected. The data are, however, in accord with the meticulous estimations on four LK and four HK sheep by Duthie (1961) (Mounib and Evans, 1959; Evans and Whitlock, 1964; Fechter and Myburgh, 1966) . The data of this paper confirm the effect when other factors are allowed for. Mounib and Evans Variates 1, 2, 3, 4, 9, 10 in mEq./1.; 13 in grams haernoglobin per 100 ml. whole blood.
* See text.
= Red cell potassium. Na0 = Red cell sodium. Kp Plasma potassium. Nap = Plasma sodium. PCV = Haematocrit. Hb = Haemoblobin. MCHC = Mean corpuscular haemoglobin concentration.
(1959) also found that A cells have a significantly lower dry matter content than B cells. In explanation of these facts it will be seen that the differences in amount of haemoglobin per unit volume of blood were slight, but the MCHC differences were marked. Haemoglobin was thus less concentrated in type A cells than type B with the AB intermediate. The suggested explanation would assume that cells of all haemoglobin types had the same average number of haemoglobin molecules, and because of their electrophoretic distinction the A molecules would contribute more negative charges than the B. For the maintenance of electroneutrality two possible sequelae come to mind; there could be a reduction in the chloride anions, for which we have no data in this work, or an increase in cations. The latter would result in an increase in the number of osmotically active particles in the cell. More water would thus be needed by A cells than by B cells to maintain osmotic balance with the plasma. The result would be a relatively greater diluting of the contents of the A than the B cells. Because the haemoglobin molecule cannot normally pass through the cell membrane the MCHC would be reduced. The data support the supposition that the differences in MCHC were due to differences in the red cell volume (PCV, variate 12). It would follow from this hypothesis that the steady-state proportion of cell cations to haemoglobin would be higher in A cells than B with the AB intermediate. This expectation is confirmed by the data; the ratio of cell sodium and potassium (variate 9) to haemoglobin concentration was 249 for A cells, 239 for AB cells and 222 for B cells.
These speculations are open to experiment, and it is the intention to find the effects of Ka and Hb genotypes on cell number, shape, volume and osmotic fragility, some of which would seem to be inevitable.
(c) The effect qf breeding (tables 6 and 9)
Differences in the red cell potassium concentrations of sheep of different breeds (Meyer, 1963) and of strains within a breed (Turner and Koch, 1961) have been described. Such a difference was not present in the particular breeds of this study. It should be added that our estimates may not be representative of them because of sampling error in the foundation animals of our flock.
Among the pure breeds, differences below the OOl probability level lay in the relatively high red cell sodium values for Blackface, and in the high PCV and low MCHC for Welsh. With a somewhat greater risk of chance intervention but of equal interest, there was a similar pattern of breed values for MCHC and for the cationic ratio between cells and plasma (variate 11). It is inferred from these observations that the red cells of the Blackface had more concentrated contents than the Welsh, with Cheviot values lying between, suggesting that there are fundamental differences in red cell economy among these breeds.
When the values for the crossbreds are compared with the mid-parental values (that is to say, the average of values for the two breeds contributing to the cross) it may be simply said that in no comparison was the difference statistically significant (table 9).
(d) The effect of age (table 7) A regular feature is the many significant differences between the first and second age classes. Broadly, it was not until their second year of age that the animals settled into the mature range of estimates. Pregnancy was presumably the reason for this, as the females were not mated until their second year (table 2) . The data fluctuated; there were significant differences between years but no trends to arouse interest. Field et al. (1969) also noted an irregular effect of age on plasma potassium.
(e) The effect of sex and management (table 8) Although small differences in the variates are apparent, none had statistical significance.
Our results agree with those of Turner and Koch (1961) who found no significant difference between the mean red cell potassium estimate for females and that for males grouped with castrated males. Evans (1961) ICa AND Nb GENOTYPES OF SHEEP 335 found males to have a higher whole blood value than females; he ascribed this difference to the red blood cells. This inference was based on data from females and any haematocrit difference due to sex or management would be Variates 1, 2, 3, 4, 9, 10 in mEq./l.; 13 in grams haemoglobin per 100 ml. whole blood. * See text. K0 = Red cell potassium. Na0 = Red cell sodium. K = Plasma potassium. Nap = Plasma sodium. PCV = Haematocrit. Hb = Haemoglobin. MCHC = Mean corpuscular haemoglobin concentration.
unseen. The data of our paper give no support for such a distinction and Schaim (1965) had found no data showing a sex difference in PCV of sheep. The present opinion would be that variation ifl red cell potassium concentrations due to sex/management differences is not exhibited by all flocks of sheep.
Sex/management was also confounded with stage of pregnancy (table 2) but less than half of the females had been pregnant for 60 days and more: so any differences associated with a later stage of pregnancy may well have been obscured. They may, however, have shown up as batch differences.
(f) The effect of batch 'When the adjusted estimates of the variables were plotted in batch sequence some of the curves, especially those of the sodium estimates, showed enough variation to prevent a simple description, while others clearly approximated a straight line. The regressions of the weekly estimates of each variable on time were calculated. For economy of presentation, these regression coefficients (to the first degree only) which describe the data well (computed t greater than 24) are given in Na + K will be seen that over the period of December to June the packed cell volume declined, but the MCHC and red cell K estimates, and the cationic ratio of cell Na + K to plasma Na + K rose, at rates of about 1 per cent. per week.
In table 11 the same phenomenon is expressed as a negative correlation between the weekly adjusted values for PCV and the concentrations of haemoglobin, Na and K, per unit volume of cells. These data are in accord with the suggestion that the red cells shrank in volume, and their contents became more concentrated as the season advanced; perhaps as the result of an increase in osmotic pressure of the plasma. The contribution of the plasma Na and K to this increase appears to have been negligible. We have evidence that packed cell volumes declined during pregnancy but an exploration of these relationships would lead us away from the subject of this paper.
In conclusion we hope to have shown that these simple Mendelian factors imposed complex sequelae on the red cells. These were, however, largely obscured by familiar variations in breed, age and sample batch.
